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Introduction 1
The most reliable way to determine the solar resource for a particular location, assuming 2 there have been no detectable effects of climatic change, is to set up long-term pyranometer Clear-sky index, K c = G/G cs , estimates atmospheric attenuation due to clouds by measuring 33 the ratio of surface solar irradiance or irradiation G to the corresponding amount that would be 34 received under a clear (cloudless) sky, G cs . It also accounts for the influence of surface albedo.
35
Other cloudless-sky attenuators such as water vapour, ozone and aerosols are retained in the 36 calculation of G cs . The clear-sky index is less dependent on airmass than the commonly used cloud retrievals or elevation angle bins, which as will be shown is important.
55
The hourly statistics of clear-sky index grouped by N and solar elevation angle would be 56 useful in situations where long-term irradiation data were not available, but measurements of 57 hourly N were (assuming the hourly solar elevation angle was known or could be determined).
58
The probability of transitioning from one N state to the next N state can then be simulated Kasten and Czeplak (1980) found an empirical relationship between hourly K c and hourly
65
N using 10 years of data for Hamburg, Germany, for solar elevation angles above 5
• :
(1) 
Generation of clear sky solar irradiance 132
For this study, G cs is simulated using a radiative transfer simulation with prescribed atmo- • × 1 6
• has been used (Belward and Loveland, 1996). One issue with using is a lower frequency of extremely high observations. As elevation angle increases, the K c ≈ 1
234
"spike" of the distribution becomes sharper and higher than the low K c "hump", which starts • . Both the shaded area (light grey) and the maximum path length of the solar beam (arrow through cloud) increases at low solar elevation angles.
cloud shadows project a greater area (fig. 4) . None of these effects are sources of error and 251 represent real-world phenomena; they must therefore be included in the distributions.
252
Extreme high values of K c could also be due to errors either in measurement or calcula- 
Distribution by MIDAS weather station

266
Owing to the influence of weather systems from the Atlantic and the rain-shielding effect fig. 1 is investigated individually.
271
The 63 stations are grouped into a 7 × 9 grid by sorting the station latitudes in order from 272 south to north and then from west to east across each band. In fig. 5 
Distribution of cloud cover by solar elevation angle
288
The differences in the shape of the K c distributions for each elevation angle bin could be cloudless skies and 8 oktas representing fully overcast skies. Any cloud presence, however small,
308
should be recorded as 1 okta, and likewise a small break in an otherwise overcast sky should 309 be recorded as 7 oktas. It is unlikely that a ceilometer would "hit" a small isolated cloud or 310 cloud-break over the course of an hour, therefore classifying more "true" 1 okta hours as 0 311 oktas, and "true" 7 okta hours as 8 oktas.
312
The lack of K c ≈ 1 spike for the θ e ≤ 10 • bin is unlikely to be due to significantly higher 313 cloudiness for these observations in both the human-observed and automated cases. Separate 314 analysis shows that the seasonal distribution shapes are similar to the annual ones in fig. 3 , with 315 a slightly greater tendency to low K c values in winter where okta 8 is observed more frequently. for the θ e ≤ 10 • group than for other elevation angles.
344
One explanation for the differences in distribution shape by elevation angle class for cloud and automated cloud observations. The x-axes run from 0 to 1.5 with ticks in intervals of 0.2; the y-axes are probability density which has not been standardised between subplots for clarity. Marked fits correspond to the distributions described in sections 3.6.1 and 3.6.2.
in the zenith direction, the probability of a cloud not being detected is much higher. A related effect was noticed by Muneer and Gul (2000) 
370
The boundary between cases depends on the method used to retrieve the cloud cover observa- The probability density function (PDF) of the Burr (type III) distribution is given by (Burr, 
where c and k are positive shape parameters and a is a positive scale parameter.
"Mostly cloudy" hours: the generalised gamma distribution 378
The generalised gamma is a superset of several common distributions used in mathemat-379 ics and engineering, and includes the gamma, exponential, Weibull, chi-squared, normal and 380 lognormal distributions as special or limiting cases. The PDF is given by (Stacy, 1962) 381
where a is a positive scale parameter, d and p are shape parameters, and Γ(·) is the gamma 382 function that generalises factorials to all real numbers. which represents physical reality. In contrast, the skew-t distribution is defined on (−∞, ∞).
387
For all distribution histograms, the probability functions were fit using the method of maximum 388 likelihood estimation.
389
In fig. 7 , the histograms have been fit with the Burr (type III) distribution where the cloud 390 coverage is 5 oktas or less for human observations and 3 oktas or less for automated observations,
391
and the generalised gamma distribution for higher okta classes. In general, the distribution fits 392 visually appear to be satisfactory for all solar elevation angle bins excluding the lowest.
393
To assess the quality of the fit to the proposed distribution, Pearson's χ 2 test can be per-
394
formed to determine whether the hypothesis that data fits the given distribution is appropriate.
395
To perform this, the K c values from each okta and elevation angle class are binned into deciles, 
The χ 2 test is most reliable when both the observed and expected frequency in a bin is 
Conclusion
419
The hourly clear-sky index distribution for each cloud cover and solar elevation angle bin 420 can be a useful tool to predict the distribution of irradiance where long-term data is unavailable 
431
The most reliable cloud observations are from those sites where a human observer is present. 
